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MuXtl- Channel Scaxming System Wltli Common Decoder 

CROSS-REFERENCE TO RELATED APPLICATIONS 

The present application claims the benefit of U.S. 
Provisional Patent Application No. 60/197,709 filed April 18, 
5 2000 under 35 U.S.C. Section 119 (e> . 
o TECHNICAL FIELD 

The present invention relates to optical scanners such as 
: bar code scanners, 
BACKGROUND OP THE INVENTION 

10 ^ Optical scanners are widely used for reading data encoded in 

y symbols on various items. One common application of optical 

M 

■h^ scanning is in reading of one -dimensional bar code symbols such 
^ as Universal Product Code {"UPC") symbols and other symbols in 
W which information is represented by a set of marks in the form of 
15^^ parallel lines and spaces between the marks. Optical scanners 
O are also used to read two-dimensional bar code symbols such as 
1^ the PDF417 code in which information is represented by a 
rectilinear pattern of marks and spaces in the form of blocks, 
f|j such that the pattern as a whole resembles an irregular 
20 checkerboard. Most commonly, the marks are dark and hence have 
low reflectivity, whereas the spaces are light cind hence have 
high ref lectivity- 
Optical scanners typically operate by directing a beam of 
light from a source such as a laser onto the object bearing the 
25 symbol and detecting the intensity of the reflected light. The 
scaimer typically incorporates optical elements which focus the 
beam of light to a relatively small spot at the object bearing 
the symbol and which move the optical elements so as to sweep the 
spot of light in a predetermined scanning path across the object 
30 as, for example, in a series of parallel lines referred to as 
"raster" . These scanners also include a phot ode tectoor such as a 
photodiode or phototransistor which receives the light reflected 
from the object. As the spot of light moves over the object and 
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encounters light and dark areas on the surface of the object, the 
35 photodetector is exposed to reflected light from the spot and 
hence is exposed to light reflected from points on object surface 
along the scanning path. The amount of light reflected to the 
photodetector varies with the reflectivity of the object surface 
at different points along the scanning path smd the electrical 
40 4 signal produced by the photodetector varies correspondingly. 
if Similar effects can be achieved by optical elements which limit 
; ^ the field of view of the photodetector to only a small spot so 
that the photodetector is exposed only to the light reflected by 
the object surface at the spot, and which sweep that spot along 

*o 

4^ the desired scanning path. Some scaimers use both techniques, so 

!¥• 

H that both the illumination and the field of view of the 

iA 

photodetector are limited to the same spot, and that spot is 

HJ swept along the scanning path. 

lU 

, The variations in the electrical signal from the 

5©=?' photodetector typically are converted by known analog processing 

1^ circuitry into a digital signal having a first or '*space'^ value, 
(e,g., 0) when the spot is on a point having high reflectivity 

fU and having a second or ^^mark" value (e,g,, 1) when the spot is 
focused on a point having low reflectivity. The digital values 

55 occurring at successive times represent the signal of the 
photodetector at successive times and hence representing the 
reflectivity of the object surface at successive points along the 
scanning path. The digital signal typically is converted by a 
unit referred to as a "digitizer" to a series of transition data 

60 elements, each such transition data element including data 
denoting the occurrence of a transition from the mark value to 
the space value or vice- versa, and the time interval since the 
previous transition. Each such time interval represents the 
width of a mark (dark region) or a space (light region) on the 

65 object being scanned. Because the time interval data commonly 
is obtained by counting cycles of a digital clock between 
transitions, the time interval data is commonly referred to as 
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bar or space "count" data. These values are supplied to a 
decoder which uses known algorithms to recover from such values 
70 the information denoted by the symbol, such as numbers in the 
case of a UFC code. 

Many bar code scanners perform several scans along different 
.paths at different locations and/ or at different orientations. 
;; For example, to read a one -dimensional bar code, the scanning 
75 t path must extend across the bars rather than parallel to the 
bars. When objects bearing one -dimensional bar codes are 
presented in random orientation relative to the scanner, using 
H several different scanning paths at different orientations 
S relative to the scanner increases the probability that at least 



^ one scan path wxll be oriented correctly relative to the code on 
^ each object. Also, the scanner may provide scanning paths at 
different distances from the scanner, so that objects presented 

W 

g at different distances from the scanner can be successfully 
~ scanned . 

Such multi-path scanners commonly use multiple 
photodetectors . For example, one holographic bar code laser 
nj scanner disclosed in commonly owned U. S. Patent 5,984,185 uses 
multiple lasers and a separate photodiode associated with each 
laser. Similar scanners are disclosed in U.S. Patent Application 
90 Serial No. 09/251,568, filed February 17, 1999 and U. S, Patent 
Application Serial No. 08/573,949 filed December 18, 1995, now 
abandoned. The contents of the foregoing applications and patent 
are incorporated herein by reference. 

Typically, a separate set of components including a 
95 photodiode, an analog processing circuit, digitizer and decoder 
is associated with each laser. Such a set of components is 
referred to as a ^'channel". The decoded information from each 
channel is then provided as input to a multiplexing 
microprocessor to derive a single output. The owner of the 
100 present application has practiced this method of signal 
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detection, processing and decoding in its HoloTrak (registered 
trademark) line of h-olograph-ic bar code scanners. 

Tbis approach requires that each channel have a complete set 
of separate circuitry, including a separate decoder for each 
105 channel . Moreover, an additional microprocessor or other 
multiplexing device must be provided to combine the decoded 
' information from the plxiral channels into a single stream of 
decoded data for delivery to a host computer or other device 
■ which uses the decoded inf oannation. These factors add to the 
110% size and cost of the scanner. Thus, still further improvement 
1^ would be desirable. 
2 DISCLOSURE OF THE INVENTION 

ivr-, One aspect of the invention provides a scanner for scanning 

01 objects bearing codes such as bar codes. A scanner according to 
115J{S this aspect of the invention desirably includes a plurality of 
3^ input channels, each said channel including a photodetector . 
Bach input channel is arranged to provide data elements 

H= representing light impinging on the photodetector of such 

ni 

Q channel. The scanner also includes means for exposing the 
120^* photodetectors of said channels to light from objects to be 
scanned so that the light impinging on the photodetector of each 
channel represents an optical property of objects to be scanned 
at a series of points along a scanning path associated with such 
channel. As in a conventional scanner, the means for exposing 
125 most typically includes one or more light sources such as one or 
more lasers, together with optical elements for forming the 
emitted light from the sources into a plurality of scanning 
beams, each focused at a spot, and for moving the spot of each 
beam along a scanning path. The photodetectors typically are 
130 arranged to receive light reflected from objects at the scanning 
paths, so that the light itrqpinging on each photodetector at 
various times represents the reflectivity of the object surface 
at points along the path. 
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The scanner according to this aspect of the invention most 
135 preferably includes data stream means for outputting a stream of 
data elements including data elements from the plural channels. 
The scanner further includes a decoder operative to examine the 
stream of data elements and recover information denoted by the 
data elements in the stream. In a particularly preferred 
140 arrangement, only one such stream of data elements is provided to 
.only a single decoder. Because the same decoder handles data 
. from several input channels, it is not necessary to provide 
;^ separate decoders for each individual ch.annel. This tends to 
1^ reduce the size and cost of the scanner. Also, where a single 
145^ decoder is used, there is no need for additional elements to 
U; combine the outputs from multiple decoders. 

W The data stream meems desirably includes individual FIFO 

ry buffers associated with individual input channels so that data 
elements from each channel are stored in the FIFO buffer 
15(0 associated with that channel, and a multiplexer which retrieves 
W data elements from the outputs of different FIFO buffers at 
hj different times so as to form the stream of data elements. Most 
fcl preferably, each input channel includes a signal processing and 
digitization circuit arranged to supply the data elements as 
155 transition data elements, each such transition data element 
including data denoting a transition as mark-to-space or space- 
to-mark and data denoting the duration of an interval between 
successive transitions. This provides data in the form commonly 
used by conventional decoders- Moreover, the data is effectively 
160 run-length encoded within each channel, thus drastically reducing 
the number of data elements which must be handled by the buffers 
and multiplexer or other elements used to consolidate the data 
from different channels into the data stream - 

Thus, in a particularly preferred arrangement, a scanner or 
165 bar code scanning system includes: 

a plurality of laser light sources ; 

a plurality of optical input channels, each having. 
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(a) a photodetector ; 

(b) a signal processing circuit; 

170 (c) a digitizer circuit; and 

(d) a FIFO buffer; and 

a single microprocessor for receiving the output from each 
optical channel and decoding the output to produce bar code 
\- symbol character data, 
175 A further aspect of the invention provides methods of 

■•: scanning objects bearing codes such as bar codes. A method 
■I t according to this aspect of the invention desirably includes the 
2 step of exposing a plurality of photodetectors, each associated 
P with a separate input channel, to light from objects to be 

18(^ scaimed so that the light impinging on each photodetector 

pi 

m represents an optical property of objects to be scanned at a 
^'"^ series of points along a scanning path associated wxth such 
p photodetector- Each such input channel provides data elements 
2 representing light impinging on the photodetector of such 
18SJ chauxnel. 

^ The method further includes forming a stream including data 

elements from a plurality of the channels and examining the 
stream of data elements in a decoder and recovering information 
denoted by the data elements in the stream of samples. The method 

190 most typically includes the step of storing data elements from 
each chcuinel/ such as in a buffer associated with each channel. 
In this case/ the step of forming a stream of data elements is 
performed by recovering the stored data elements from each 
channel, such as by operating a multiplexer to direct data 

195 elements from the buffer associated with each channel into the 
data stream at different times. The stream of data elements may 
include a plurality of separate series of data elements, the data 
elements within each such series being data elements from a 
single one of said channels. As further discussed below, this 

200 permits decoding by standard decoders arranged to operate on data 
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from a single channel . Methods according to this aspect of the 
invention provide advantages similar to those discussed above in 
connection with the apparatus. 
BRIEF DESCRIPTION OP THE DRAWINGS 
205 Pig. 1 is a foinctional block diagram depicting apparatus in 

accordance with one embodiment of the invention. 

Fig. 2 is a siinplified diagrammatic view of certain optical 
;i components used in the apparatus of Fig. 1. 

Fig. 3 is a diagram of a stream of data elements used in 
210 operation of the apparatus of Figs, 1-2. 
, MODES FOR CARRYING OXJT THE INVENTION 

O As shown in Figure 1, a scanner according to one embodiment 

H of the present invention includes multiple input channels 26a, 
W 26b, 26c, 26d. Channel 26a includes a photodetector 12a, whereas 
2i^\ each of the other channels includes a corresponding photodetector 
fU 12b, 12c, 12d, Each photodetector 12 may be any conventional 
Q type of photodetector, such as photodiode or phototransistor, 
^ which provides an electrical signal representing light impinging 
fij on the photodetector. 
22M The scanner further includes lasers lOa-lOd and optical 

elements 11 which are arranged to direct the light from each 
laser into space so that the light from each laser is focused to 
a spot and the spot sweeps along a preselected path in space. At 
the time depicted in Fig. 1, the spot of light from laser 10a is 
225 sweeping along line 50a, whereas the spot of light from laser 50b 
is sweeping along line 50b in a different direction, and the spot 
of light from lasers 10c and lOd is sweeping along lines SOc 
and sod, respectively. Lines SOc and BOd are disposed at a 
different distance from the optical elements 11 of the scanning 
230 system than lines 50a and 50b. The optical elements 11 are also 
arranged so that light reflected from the spot formed by light 
from each laser is directed into one photodetector- Thus, 
channel 26a and its photodetector 12a are associated with laser 
10a. Optical elements 11 direct light from the spot formed by 
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235 laser 10a into photodetector 12a. Stated another way, the field 
of view of photodetector 12a traces the same path BOa as the spot 
of light from laser 10a. Thus, as this spot sweeps along path 
50a, photodetector 12a will be exposed to light reflected at a 
series of points along scanning path BOa associated with 
240 channel 26a- At the time depicted in Pig. 1, an object 52 
bearing a bar code 54 is disposed so that a surface of the object 
bearing th.e bar code is present along path 50a, Accordingly, the 
light reaching photodetector 12a will be light reflected from the 
code-bearing surface of object 52, In like manner, laser 10b and 
245 path 50b are associated with channel 26b and photodetector 12b, 
Q and hence the light reaching photodetector 12b will be light 
^ reflected from object surfaces along path. 50b. Similarly, laser 
^ 10 c and path 50c are associated with channel 26c and 
Sj photodetector 12c, whereas laser lOd and path 50d are associated 
250ni with channel 26d cind pbotodetector 12d. At the time depicted in 
g Fig. 1, no object surface is present along paths 50c and 50d, and 
hence the light reaching phot odetec tors 12c and 12d will be 
fy meaningless background light. At other txmes, when an ob3ect to 
O be scanned is presented in other positions, an object surface may 
255 ~ be coincident with paths 50c and 50d. 

Optical elements 11 may be of known type, as, for example, 
those disclosed in the aforementioned United States Patent 
5,984,185. Figure 2 presents a simplified diagrammatic view of 
suchi optical elements. Lasers lOa-lOd and photodetectors 12a-12d 
260 are fixedly mounted to a frame (not shown) so that the light from 
each laser is directed through a spot on a disk 60 bearing 
holograms 62, 64, 66,68, 70, and so that each photodetector 
receives light through a spot on the disk. Conventional optical 
elements such as lenses and/or mirrors (not shown) may be 
265 provided in association with the lasers and photodetectors for 
directing light to or from the holographic disk. Tbe bolograms 
focus and direct the outgoing light from the lasers, and the 
incoming light from the environment passing to each 
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photodetector . The disk is rotated relative to the frame, as by 
270 a motor (not shown) so the .light passing from each laser 10 and 
to each photodetector 12 passes through different portions of the 
disk at different times, causing the focal spot of each laser and 
the spot viewed by each photodetector to sweep along the desired 
path. Depending on the arrangement of the holograms and 
275 associated elements, the paths swept by the spots associated with 
the various laser beams may be entirely different from one 
■i^ another or may be replicates of one another offset in time, so 
' that the spot associated with each beam is at a different 
position at any given time, 
280O Input channel 26a includes a pre-amplif ier circuit 14, a 

^ signal processing circuit 16; and a digitizer for conversion to 

S" — J 

n bar/ space count data 18- Preamplifier 14 is arranged to an^lify 
the electrical signals from the photodetector 12a. The output 
fy from the photodetector 12a and hence from preamplifier 14 is an 
285q analog signal which varies with time as the associated laser beam 
spot sweeps along path 50a and the photodetector is escposed light 
ry reflected from various spots on the object surface along the 
y path. When the spot is aligned with a low-reflectivity, dark bar 
or mark on the object surface, the signal will be relatively low, 
290 whereas when the spot is aligned with a high-ref lectivity, light 
spot, the signal will be relatively high. 

Signal processor 16 of channel 26a receives this time- 
varying signal and outputs a signal which has either a first 
value (e.g., 1) denoting a mark or a second value (e.g., 0) 
295 denoting a space. In effect, signal processor 16 converts the 
analog signal to a digital mark/ space signal. Signal processor 
16 can consist of a comparator which outputs the mark value when 
the analog signal is above a preset threshold and which outputs 
the space value when the analog signal is below such threshold. 
300 Such a crude circuit, however, is susceptible to errors caused by 
artifacts such as changes in intensity of the associated laser, 
differences in the reflectivity of the object surface regions 
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constituting the bar code, and changes in ambient light. 
Moreover, such a crude circuit will change the output value from 
305 mark to space or vice-versa in response to every momentary change 
. in the analog signal, such as brief pulses caused by electrical 
interference or other artifacts. Numerous circuits are known in 
the bar code scanning art for processing the analog signals from 
■p^ a photodetector to provide a mark/space signal while 
310 i-.i substantially suppressing effects due to artifacts in the signal. 
Any such circuit can be used. One such circuit is disclosed, for 
■ example, in United States Patent 4,000,397/ the disclosure of 
which is incorporated by reference herein. 

O The mark/space signal from processor 16 of channel 26a is 

n 

315 2; supplied to the digitizer 18 of that channel- The digitizer is 

W also supplied with clock pulses from a system clock 60. The 

iji 

fd <^i9itizer monitors the mark/space signal and detects transitions 
ilj in the value of such signal, from mark to space or vice- versa. 

5 

p The digitizer also counts clock pulses between successive 

32oyJ transitions. When a transition occurs, the digitizer produces a 
fij transition data element including a sign value denoting the 
M transition as either a mark-to-space transition or a space-to- 
mark transition, and a time value denoting the duration of an 
interval between the transition which has just occurred and the 

325 last previous transition. The digitizer may include, for example, 
a counter adapted to receive clock pulses from clock 60 and a 
state change circuit including one or more sets of flip-flops and 
logic gates which changes state in response to a transition in 
the mark/ space signal. A first latch and reset circuit may be 

330 arranged to capture the current value in the counter, to provide 
the time value or count of clock pulses since the last 
transition, and to reset the counter to zero, in response to each 
operation of the state change circuit. Also, a second latch 
circuit may be arranged to capture the value of the mark/space 

335 signal immediately after each operation of the state change 
circuit, as the sign value for the transition. Other known 
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circuits for detecting trsLnsitions in a mark/ space signal, 
counting clock pulses between transitions and providing the sign 
value for each transition are known in the art. For example, the 
340 circuitry disclosed for perfoarming these functions shown in U.S. 
Patent No. 5,081,342, the disclosure of which is incorporated 
herein by reference, may be used. 

The other channels 26b, 26c and 26d incorporate elements 
identical to those of channel 26a. Thus, each channel provides a 
345;' 3 succession of digital transition data elements, each such 
transition data element incorporating a sign value and a duration 
or clock coimt value . The data elements produced by each channel 
O represent the light impinging^ on the photodetector of such 
channel. Each data element represents a real or spurxous mark or 
350 2 space. I^rhere the light impinging on the photodetector of a 
particular channel is light actually reflected from an object 
nJ surface, the marks and spaces denoted by the data elements are 
g real marks and spaces on the object surface. In this case, the 
duration or clock count value within a data element signifies the 
355fy time required for the scanning spot moving along the associated 
y scanning path to traverse the mark or space, and hence denotes 
the dimension of the mark or space along the scanning path. 

A first-in, first-out {^^FIPO'O buffer 20 is associated with 
each channel. Thus, buffer 20a receives the succession of 
360 transition data elements from channel 26a at an input 21a 
connected to the digitizer 18 of channel 26a and stores these 
data elements. The stored data elements are supplied in the same 
order, at an output 23a. The buffers 20b-20d associated with 
channels 26b~26d operate in the same maimer. A multiplexer 22 
365 has inputs connected to the outputs of buffers 20a-20d. The 
multiplexer has an output connection 25. Multiplexer 22 operates 
cyclically. Each cycle of the multiplexer includes a sampling 
interval associated with each channel . During the first sampling 
interval of a cycle, the multiplexer conveys data elements from 
370 the output of buffer 20a, associated with channel 26a, to the 
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output connection 25 of the multiplexer. During the second, 
third and fourth sampling intervals of each cycle, the 
multiplexer conveys data elements from buffers 20b, 20c and 20d, 
respectively. Stated another way, the multiplexer retrieves or 
375 recovers data elements stored in the buffers. 

As a result, a stream of data elements 80 (Pig. 3) appears 
at output connection 25. The stream 80 includes a series 82a of 
data elements A from channel 26a, followed by a series 82b of 
: data elements B from channel 26b, which in turn is followed by a 
380^. series 82c of data elements C from channel 26c, which in turn is 
^'l followed by a series 82d of data elements D from channel 26d. 
p This pattern, repeats on the next cycle of the multiplexer, so 
ff that series 82d is followed by a further stream 82a' of data 
gl elements from channel 26d, and so on. 
385^ The output 25 of multiplexer 22 is connected to a decoder 

rU 24 . The decoder may be of known type arranged to examine a 
^ series ox transition data elements and recover encoded 
Ul information denoted by such transition data elements. Merely by 
ry example, a fixed program decoder of the type sold under 

390p the designation 6-1005415 /NCR-8415 may be used to recover numeric 
information from transition data denoting the marks and spaces of 
a UPC or EAN bar code. Other known fixed program decoders and 
programmable decoders cam. be used to recover numeric or 
alphanumeric information from transition data denoting other 
395 known one -dimensional and two-dimensional bar codes. Although a 
full discussion of decoders is beyond the scope of this 
disclosure, it should be appreciated that such decoders generally 
act to recognize patterns of such as the interrelationships 
between different mark and/or space widths within a series of 
40O such information. 

Because each series of data elements 82 in the data stream 
80 includes transition data elements denoting mark and space 
widths in the same order as they were generated by an individual 
channel, the same programs as conventionally used in decoding 
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405 information from a single channel will work in the same way with 
respect to data within each individual series 82. Thus, when the 
decoder 24 encounters a series of transition data elements 
representing the mark and space widths associated with a bar code 
in the correct order, it will supply the numeric values denoted 
410 by those data elements to a host computer or other device (not 
shown) connected to the output of the decoder. In the condition 
depicted in Fig, 1, path 50a is properly aligned with the bar 
code 54 on an object being scanned, and hence series 82a> derived 
= from scanning along path 50a, will contain a proper set of 
41^_; transition data elements arecognizable to the decoder. Series 
O 82a' , also derived from scanning along path 50a, will contain 
2 similar information- The other series will contain meaningless 
5 sequences, and hence will be ignored by the decoder. 
^1 The conventional decoder typically cannot interpret data at 

42(nJ jxinctions between series. For example, the sequence of 

Q transition data elements AAAABBBB encountered at the jxmction 
between series 82a and 82b in Fig. 3 is meaningless to the 

Ms 

f!| conventional decoder. The transition data elements denoting a 
j=J complete pattern of the type recognized by the decoder desirably 

425^ are present within an individual series. In the case of a one- 
dimensional bar code, the maximum number of transition data 
elements which would represent a single complete bar code 
corresponds to the maximum number of meaningful meirks and spaces 
encoxintered in a single line passing through the code in the 

430 direction pe2Tc>endicular to the bars. Such maximum number is 
referred to herein as the ^chain length" of the code. For a two- 
dimensional bar code, the chain length is the maximum number of 
meaningful marks and spaces encountered on a single line through 
the bar code in the proper direction for reading the code. The 

435 number of data elements in a single series 82 (the number of 
consecutive data elements from a single channel) should be 
greater than the chain length of the code to be read- The 
greater the length of each series, the greater the probsJDility 
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that a sequence of transition data elements which actually 
440 represents a bar code will fall entirely within a single series. 
The maximum length af each series is determined by the size of 
the individual buffers 20. 

The transition data elements from each channel do not 
represent meaningful information at all times. For exan^le, 
445^^ during intervals when the boundary between hologram 60 and 
hologram 62 is passing through the beam from laser 10a and the 
optical path to the associated photodetector 12a, the laser beam 
, and/ or the field of view of the photodetector, may be blocked 
deflected away from the region in space where objects are to 
45(^ be read. Thus, the transition data elements from channel 26a 
W representing light impinging on photodetector 12a during these 
^ intervals, referred to herein as ^inactive intervals", do not 
^ represent meaningful information. Transition data elements 
fy representing light impinging on photodetector 12a during other 
intervals, referred to herein as ^active" intervals, will 
y represent meaningful information, if an object is present in 
correct alignment with the associated scan path 50a, Each of the 
□ other channels has similar active and inactive intervals. Most 
preferably, each series 82 in data stream 80 includes transition 
data elements from at least one complete active interval of the 
associated channel, and the transition data elements from each 
active interval of a given channel are contained within a single 
series 82 within the data stream. To assure this, the 
multiplexer 22 may be synchronized with the optical elements 11. 
465 For example, a rotary position encoder or other element 
mechanically connected to the hologram disk 60 may trigger the 
multiplexer to switch between different channels. Alternatively, 
the optical elements can be driven in synchronism with the clock 
60 which controls operation of the multiplexer. 

The structures and methods discussed above may be varied. 
For exair^le, the digitizer 18 of each channel can be arranged to 
convert the mark/space signal from the associated processor 16 



460 



470 



wo 01/80164 



PCT/USOl/12636 



15 

into a series of one -bit mark or space values representing the 

output of the channel at preselected sampling times. These mark 

475 and space data elements can be multiplexed in the same way as the 

transition data elements discussed above. In this arrangement, 

the microcontroller or decoder 24 handles the task of detecting 

transitions between mark and space, and counting the duration of 

each mark and space, as by counting the number of data elements 

48Q;v between transitions. This approach requires that the buffers and 

a; multiplexer handle many more individual data elements- By 

contrast, where the data elements are transition data elements as 

_ discussed above, the data is effectively run-length encoded and 

Q hence compressed. In a further variant, the data elements 

48$f supplied by each channel may be in the form of a series of 

^ digital real numbers directly representing intensity of the light 
. . . 

impinging on the photodetector of the channel at a series of 
ry sampling intervals- For example, the analog output of the 
1. photodetector can be passed directly to a multi-bit analog- to- 
49W digital converter. The resulting multi-bit digital values 

constitute the data elements. In this embodiment, the task of 
O translating intensity values to mark/space information is also 
'"^ handled by the decoder. Thus, the decoder desirably is 

programmed to provide artifact rejection functions corresponding 
495 to those perfoarmed by the signal processors 16 as discussed 

above. In a further, distinctly less preferred variant, the 

buffers and multiplexer can be constructed to handle analog 

signals. 

It is not essential to provide the data stream from the 
500 multiplexer with data elements from individual channels arranged 
in separate series as discussed above. For example, the 
multiplexer can be arranged to incorporate single data elements 
from each chaomel in the data stream, so that the data stream has 
the configuration ABCDABCD... . , where A represents a data element 
505 from channel 26a, B represents a data element from channel 26b, 
and so on. In this approach, it is not necessary to store the 
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data elements prior to multiplexing. Wliere a mixed data stream 
of this nature is used/ tbe decoder or micro controller 24 should 
be arranged to segregate the data elements and form separate 
510 series of data elements for pattern recognition purposes. For 
example, the decoder can include separate buffers for recording 
the incoming data elements from each chaiuxel/ or separate memory 
locations for recording calculation results based on data 
elements in different series. 
515 The FIFO buffers and multiplexer discussed above can be 

replaced by other data-handling elements . Merely by way of 
example, the data elements from the various channels can be 
JS written into a random-- access memozy instead of into a FIFO 
O buffer. Provided that the system maintains a record of the 
520^ memory locations . where data elements from each channel are 
F| stored, or writes the data elements into memory locations in a 
^1 preselected order of locations, the data elements cam be read out 

Z_ of the memory in a data stream as discussed above by accessing 

O 

tjj the memory locations in the desired order. Any other foorm of 
525^ memory can be used in a similar manner . However, the arrangement 
Q using FIFO buffers and a multiplexer is economical and simple to 
implement , 

In the systems discussed above, only one stream of data 
elements is provided to a single decoder. However, where the 

530 capacity of the decoder is insufficient to handle all of the data 
from all of the various channels, two or more data streams can be 
provided to two or more decoders. At least one of these data 
streams should include data from multiple channels, and the 
number of decoders should be fewer than the number of channels. 

535 As will be .appreciated, any number of channels can be provided in 
the scanner. 

The holographic optical components discussed above are 
merely exemplary. The optical components may include other 
conventional elements such as fixed and/or moving mirrors, lenses 
540 and combinations of these. It is not essential to provide a 
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separate source of illumination such as a laser 10 or other light 

source for each channel; the light from a single source can be 

split into multiple beams, so that a single source of 

illumination such as a laser, light emitting diode or lamp serves 

545 as the light source for all of the channels. Also, the invention 

can be applied in systems where one or more light sources provide 

illumination over a large region in space and the field of view 

of the photodetector in each channel is limited to a spot 

associated with such channel. In this arrangement as well, 

550 conventional optical components act to sweep the field of view of 

each photodetector in a preselected pattern. Indeed the 

invention can be applied in systems where the spot associated 

g with each channel is fixed relative to the housing of the 

m apparatus and scanning action is achieved by moving objects 

55^ bearing symbols to be scanned irelative to the housing. Also, in 

pj each of the systems discussed above, the photodetectors are 

^ exposed to light reflected from the object surfaces. However, 

yj the optical components may be arranged so that light is 

transmitted through a wall of an object to be scanned en route to 

56<0 the photodetectors. In this case, the light will vary in 
pi , 

accordance with the transmissivity of the object wall, rather 
than the reflectivity. Other bar code scanners may be arranged 
to use light emitted by the object as, for example, where the bar 
code is present as a fluorescent marking, so that the 
565 photodetectors are exposed to light representing the intensity of 
fluorescence. The invention can be applied in scanners which use 
any optical property. 

As these and other variations and combinations of the 
features discussed above can be utilized without departing from 
the present invention, the foregoing description of the preferred 
embodiments should be taken by way of illustration rather than by 
way of limitation of the invention as defined by the claims. 



570 
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INDUSTRIAL APPLICABILITY 

The invention can be applied in various industries including 
wholesale and retail trade. 



